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1. INTRODUCTION 
Rapidly decreasing biological diversity, including plant diversity, constitutes a 
very real scientific concern at present time. Biological diversity consists not 
only of the range of ecosystems, species or populations, but also includes 
different aspects of genetic variation. Evaluation of genetic diversity and 
assessment of genetic differentiation are essential for unraveling the common 
problem in plant taxonomy, namely – complex patterns of morphological 
variation within and between species, which obscure boundaries between 
species and make it difficult to estimate species diversity. 
There are many plant genera (i.e. grass genus Bromus, orchid genus 
Dactylorhiza, Rhinanthus and many others) that are well known for their 
complicated species relationships and taxonomy. Therefore, without thorough 
genetic evaluations, it is possible to overrate or underestimate the species 
abundance in a particular taxon and levels of plant diversity respectively. 
Genetic studies of related species, especially rare and common congeners, 
provide important information not only about the present day species diversity 
but also about the evolutionary history and the processes that have shaped this 
diversity (Charlesworth and Wright 2001). At the same time, such genetic 
studies help to identify the evolutionary lineages, which sometimes differ from 
the delimitation of traditional taxonomic units (Karron 1991; Gitzendanner and 
Soltis 2000; Cole 2003; Vrancken et al. 2012). Moreover, genetic diversity is a 
main factor for viability and is fundamental for conservation purposes (Hamrick 
and Godt 1989; Barrett and Kohn 1991; Frankham 1997; Frankham 1998). 
For an adequate understanding of genetic variation and gene pool in a 
population, evaluation of the breeding mode of a species is needed. Generally, 
outbreeding species are genetically more diverse compared to inbreeding 
species (Hamrick and Godt 1989; Frankham 1997). Mating between relatives 
could have a negative effect, called inbreeding depression, on offspring fitness 
(Charlesworth and Charlesworth 1987; Keller and Waller 2002). The size and 
fragmentation of a population may also affect the level of genetic diversity. 
Rare, endangered and endemic species often have small population sizes and 
are expected to have low genetic diversity due to bottlenecks, genetic drift and 
inbreeding (Barrett and Kohn 1991; Frankham 1998). 
This thesis focusses on a taxonomically difficult genus Rhinanthus L. 
(Orobanchaceae, previously Scrophulariaceae) which embraces annual root-
hemiparasitic plants, distributed mainly in Europe (Soó and Webb 1972). The 
main habitats of Rhinanthus species are grasslands and meadows. Species of 
genus Rhinanthus is taxonomically intricate due to great morphological 
polymorphism, ecotypic variation and seasonality (Soó and Webb 1972; 
Westbury 2004). According to Flora Europaea (Soó and Webb 1972) the genus 
comprises approximately 30 taxa including ten endemic species and over ten 
taxa with unclear status. In nature, we often meet individuals with intermediate 
characters. This remarkable morphological variation has been explained by 
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phenotypic plasticity depending on the environmental growth conditions (Soó 
and Webb 1972; Westbury 2004) or by hybridization, which is often detected 
even between species from different sections (Kwak 1978; Kwak 1980; 
Westbury 2004; Ducarme and Wesselingh 2005; Ducarme et al. 2010; Natalis 
and Wesselingh 2012; Ducarme and Wesselingh 2013). In addition, 
morphological variation of hemiparasitic Rhinanthus may be directly affected 
by hosts and their quality (Seel and Press 1993). Genus is divided into five 
sections according to flower characteristics (Soó and Webb 1972): Rhi-
nanthus L., Brevirostres (Sterneck) Soó, Anomali (Sterneck) Soó, Anoectolemi 
Chab. and Cleistolemus Chab. Short rounded teeth of upper lip of corolla are 
typical of section Rhinanthus and short square teeth are characteristic of section 
Brevirostres. Small section Anomali consists of only one endemic species and is 
described by convex margins of upper lip of corolla, long teeth and an opened 
throat. Last two sections have both long teeth and concave margins of upper lip 
of corolla. Species of section Anoectolemi have an opened throat, while in the 
biggest section Cleistolemus the throat of the flowers is closed. This genus has 
garnered special interest in Estonia, because of our most famous endemic 
species Rhinanthus osiliensis. 
During the last decade genetic relationships in genus Rhinanthus have been 
studied several times with different molecular markers. For example, ITS 
sequences, RAPD, ISSR, AFLP and microsatellites markers have been used to 
investigate the taxonomy and phylogeny within the genus Rhinanthus (Böhme 
2001; Ducarme and Wesselingh 2005, 2013; Houston and Wolff 2012; 
Vrancken et al. 2009, 2012; Pleines et al. 2013). Each of these studies has 
improved our understanding about the relationships between species in the 
genus and, altogether, they have provided a more sophisticated picture about 
Rhinanthus as a whole. At the same time, new level of knowledge clearly 
demonstrated that taxonomic and phylogenetic relationships in Rhinanthus are 
still arguable. 
The main research object of this study is the glandular-hairy Estonian 
neoendem R. osiliensis (Ronniger et Saarsoo) Vassilcz. ( R. rumelicus Velen. 
subsp. osiliensis Ronniger et Saarsoo), the taxonomic position of which has 
been unclear from the time of its discovery in 1933 (Saarsoo 1933). Initially, 
this taxon was described as R. rumelicus subsp. osiliensis Ronniger et Saarsoo 
(Ronniger 1934). Its presumable progenitor – glandular-hairy R. rumelicus 
Velen. has a clearly distinct distribution and morphology. Habitat of 
R. osiliensis is calcareous spring fens located in the western part of the island 
Saaremaa. Rhinanthus rumelcius grows in grasslands distributed mainly across 
Eastern and Central Europe, including Balkan Peninsula (Soo´ and Webb 1972). 
The leaves of R. rumelicus are twice as wide as R. osiliensis and the flowering 
times of the two never overlap. Rhinanthus rumelicus flowers in May and June 
but R. osiliensis at the end of July or in August. It has been suggested that 
R. osiliensis derived from R. rumelicus after the postglacial colonization by the 
Balkan refugia (Eichwald 1960). The species name R. osiliensis was for the first 
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time used in the Flora of the USSR (Vasilchenko 1955). Further, Eichwald 
(1960) also suggested its recognition at species level based on its distinct 
morphology, ecological preference and non-overlapping distribution. None-
theless, the discussion around the taxonomical status of R. osiliensis still 
persists. Another glandular-hairy species R. wagneri Degen, which is 
morphologically very similar to R. rumelicus and share the same distribution 
range, was also included in this study. Main differentiation is that R. wagneri 
have fewer glandular hairs in the upper part of the plant. In addition, plants very 
similar to R. osiliensis have been found in Sweden on the island of Gotland 
(Lindell 2006). The habitats of these unidentified Rhinanthus sp. and 
R. osiliensis are spring fens and their flowering period overlaps. The geographic 
distances between the two growth locations are approximately 200 km in 
beeline. Hairiness characters are the only morphological difference between 
them. Rhinanthus osiliensis has longer glandular hairs on the sepals and calyx. 
Accordingly, an important part of this study was dedicated to the genetic 
comparison between Estonian R. osiliensis and other glandular-hairy species, 
including the unnamed Rhinanthus sp. from Gotland. 
Furthermore, for a better overview of genetic variation within the genus, 
three common species: R. alectorolophus (Scop.) Pollich with long white 
simple hairs, two glabrous R. minor L. and R. angustifolius C.C. Gmelin (syn. 
R. serotinus) and one Bulgarian endemic R. javorkae Soó were included in this 
study. Rhinanthus angustifolius, R. alectorolophus and R. minor are widely 
distributed throughout Europe (Soó and Webb 1972), whereas endemic 
R. javorkae is distributed only in one location in South-West Bulgaria (Asenov 
1995). 
For studying this intriguing genus we used two different molecular markers. 
Isozymes as codominant genetic markers were used for preliminary estimates of 
genetic diversity and breeding mode in populations and species. The important 
advantage of this method is the great amount of available data for many species, 
which is irreplaceable information for making general conclusions (Hamrick 
and Godt 1989; Hamrick et al. 1991). Regardless of criticisms leveled against 
isozymes, they are still widely used for evaluating genetic diversity and species 
boundaries (e.g., Lipsen et al. 2013, Dostálek et al. 2014). 
Microsatellites, or simple sequence repeats (SSRs) as polymorphic, co-
dominant and rapidly mutating (Morgante and Olivieri 1993) markers are very 
popular and useful for investigating genetic diversity of populations of rare 
species (e.g., Furches et al. 2009; Riley et al. 2010) and studying taxonomically 
intricate species (e.g., Dunbar-Co and Wieczorek 2011; Mitsui and Setoguchi 
2012; Ferris et al. 2014). Therefore, we chose SSR markers for a more detailed 
investigation of the Rhinanthus species. 
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In sum, the aims of this doctoral thesis were: 
 to develop new microsatellite primers for rare endemic R. osiliensis (III) 
 to estimate the breeding mode in R. osiliensis, R. rumelicus, R. wagneri, 
R. angustifolius, R. alectorolophus, R. minor and R. javorkae (I, II, III, IV) 
 to estimate and compare genetic diversity of Estonian endemic R. osiliensis, 
Bulgarian endemic R. javorkae and common species R. rumelicus, 
R. wagneri, R. angustifolius, R. alectorolophus and R. minor (I, II, III, IV) 
 to assess species boundaries in genus Rhinanthus (I, II, III, IV) 
 to characterize genetic variation of the unidentified Rhinanthus taxon from 
Gotland, Sweden and determine its relation to the R. osiliensis (IV) 
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2. MATERIALS AND METHODS 
2.1. Study species and sampling 
We investigated seven Rhinanthus species from three different sections. 
Rhinanthus osiliensis (I, II, III, IV) (Fig. 1A), R. rumelicus (I, II, III) (Fig. 2B), 
R. wagneri (II, III), R. angustifolius (II, III, IV) and R. alectorolophus (II) (Fig. 
3C) belonging to section Cleistolemus, R. minor (II, III, IV) to section 
Rhinanthus and R. javorkae (III) (Fig. 4D) to section Anoectolemi. In addition, 
taxonomically unclear individuals found from Sweden were studied and 
compared with R. osiliensis, R. angustifolius and R. minor from Estonia (IV). 
 
    
 
    
Fig. 1. Studied species A. Rhinanthus osiliensis (Ronniger et Saarsoo) Vassilcz. B. Rhi-
nanthus rumelicus Velen. C. Rhinanthus alectorolophus (Scop.) Pollich D. Rhinanthus 
javorkae Soó. 
A
C D
B
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For isozyme analysis (I, II), the seeds of studied species were collected from 
five to ten randomly selected plants at least 3 m apart, air-dried at room 
temperature and stored in paper bags at 4C until the germination. The seed 
accessions from each population were pooled to obtain representative samples. 
In addition, seeds of R. alectorolophus from one natural population from 
Germany and of R. minor from France were provided by the Muséum d' 
Histoire Naturelle and Rennsteiggarten Oberhof, respectively. Seeds were 
placed on wetted filter paper in Petri dishes at the end of October and stratified 
in darkness at 4 ºC for six months. Germinated seeds were planted and 
cultivated in the greenhouse until the isozyme analysis. For microsatellite 
analysis (III, IV), healthy leaf samples were collected from randomly selected 
plants at least 3 m apart and stored in silica gel until DNA extraction. All 
vouchers are kept in the herbarium of The Natural History Museum, University 
of Tartu (TU). 
 
 
2.2. Isozyme analysis 
Enzyme analyses were used in papers I and II. The samples were prepared from 
fresh leaves of previously grown seedlings in the extraction buffer. In total, five 
enzyme systems with readable resolution were used for further analysis: 
shikimate dehydrogenase (SKD, EC 1.1.1.25), aspartate aminotransferase 
(AAT, EC 2.6.1.1), 6-phosphogluconate dehydrogenase, (6PGD, EC 1.1.1.44), 
esterase (EST, EC 3.1.1.2) and phosphoglucomutase (PGM, EC 2.7.5.1). The 
enzymes were separated on 20% acrylamide gels with modified gel-buffer 
systems and were stained with standard histochemical methods (Wendel and 
Weeden 1989). The isozymes phenotypes correspond to respective genotypes 
and the interpretation on enzyme banding patterns is based on the subunit 
structure (Wendel and Weeden 1989). Different loci of isozymes are labeled by 
capital letters followed by a number reflecting allozymes in the order of 
decreasing mobility, e.g. AAT-B2. 
 
 
2.3. Microsatellite analysis 
The second tool for estimating genetic variation among and within our studied 
species was microsatellites (III, IV). Total genomic DNA was isolated from 
silica-dried leaves using the CTAB method (Doyle and Doyle 1990). In paper 
III, six new microsatellite primers were developed for R. osiliensis and analysis 
were performed to compare genetically two endemics R. osiliensis and R. 
javorkae with widespread species R. rumelicus, R. wagneri, R. angustifolius and 
R. minor. In paper IV, 15 primers developed for R. angustifolius (Ducarme et 
al., 2008) eight primers developed for R. minor (Houston and Wolff, 2009) and 
six primers previously developed for R. osiliensis (III) were tested for cross-
species amplification and finally fifteen successfully amplified microsatellite 
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primers were used for further analysis (IV). Primers were optimized for a range 
of temperatures and MgCl2 or MgSO4 concentrations. PCR was performed 
using a Techne TC-5000. Microsatellite alleles were detected on an Avant 3100 
Genetic Analyser (Applied Biosystems, Foster City, USA) and were sized 
against LIZ 500 size standard (Applied Biosystems) using Peak Scanner 
Software v1.0 (Applied Biosystems). 
 
 
2.4. Data analysis 
In paper I, the mean population germination percentages and one-way ANOVA 
based on germination rates were calculated. We also calculated the Spearman 
rank correlation rs between germination percentage and the genetic diversity 
measures. The t-test was used to assess the differences of germination rates 
among species. 
For genetic diversity evaluation, the percentage of polymorphic loci (P), the 
mean number of alleles per locus (A), observed (HO) and expected hetero-
zygosity (HE) were calculated for each population (I, II, III, IV). Received 
values were averaged for each species to express mean genetic variation at the 
population level. The species-level values are proper for comparing genetic 
diversity among species using isozymes (Hamrick and Godt 1989). Thus, 
genotypes of species were pooled and genetic diversity parameters were 
calculated (I, II). Significant differences of genetic diversity values (P, A, HO, 
HE), inbreeding coefficient (FIS) and genetic differentiation (FST) between 
R. osiliensis and R. rumelicus were evaluated with two-side test (I). Inbreeding 
coefficient and its significant departure from zero were estimated through the 
chi-square test in each locus and overall in every studied population (I, II, III). 
To estimate intra- and intergenetic differentiations, pariwise FST values 
between populations were calculated (I, IV). The partitioning of genetic 
diversity among studied species, populations within species and within 
populations was estimated with an analysis of molecular variance (AMOVA) (I, 
III). In addition, a principle coordinates analysis using the covariance 
standardized method of Nei’s genetic distances among the populations to 
determine the genetic grouping of populations and species (III, IV). Finally, the 
Bayesian model-based clustering approach was used to assign individuals to 
genetic clusters (K) without a priori knowledge of taxonomy or population 
locations (III, IV). For illustrate the species relationships, a cluster analysis on 
the basis of the Nei’s genetic distances was performed, using the unweighted 
pair group method with arithmetic mean (UPGMA) (I, II, III) and Neighbor-
Joining (IV) methods. 
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3. RESULTS 
3.1. Breeding mode 
Inbreeding coefficient (FIS) was calculated by isozymes (I, II) and 
microsatellites (III). We also could estimate inbreeding in paper IV, comparing 
observed and expected heterozygosity what reflects deviation from Hardy-
Weinberg equilibrium. Inbreeding coefficient values in R. osiliensis and 
R. javorkae, indicated predominant inbreeding in these endemics (I, II, III). 
Germination rate was in correlation with inbreeding coefficient whereas rare 
R. osiliensis had significantly lower germination rates and longer dormancy of 
seeds compared to closely related widespread R. rumelicus (Fig. 1, in paper I). 
Our results confirm the prevalence of autogamy in R. minor in contrary to other 
common species, but in consistency with its flower morphology (III, IV). 
Expected heterozygosity was higher than observed heterozygosity in almost 
every population of all studied species, except one population of R. osiliensis 
and one population of unnamed Rhinanthus species from Gotland (IV). This 
result reveals non-random mating mode in most of the studied populations. 
 
 
3.2. Genetic diversity within genus Rhinanthus 
In total, seven Rhinanthus species from three sections were genetically studied 
using isozymes and microsatellites. We used five enzymes and seven 
polymorphic loci to evaluate genetic diversity within species (I, II). Six new 
microsatellite markers were developed for endemic R. osiliensis and were 
successfully amplified in R. rumelicus, R. wagneri, R. angustifolius, R. minor, 
R. javorkae and unidentified Rhinanthus sp. (III, IV). 
Altogether, isozymes and microsatellites disclosed similar genetic diversity 
results. Genetic diversity parameters were highly variable between populations 
within species studied (I, II, III, IV). Endemics R. javorkae and R. osiliensis 
showed low genetic diversity parameters compared to widespread species. For 
example, observed number of alleles (A), observed (HO) and expected 
heterozygosity (HE) in endemic R. osiliensis were lower in all studied papers 
compared to presumable congener R. rumelicus (Table 3 in I, Table 3 in II and 
Table 4 in III). The same results were identified when comparing R. osiliensis 
to common species R. angustifolius (II, III, IV) and R. wagneri (II, III). 
Bulgarian endemic R. javorkae was studied only with microsatellites in paper 
III but genetic diversity was the lowest compared to the other five species 
including Estonian endemic R. osiliensis. Surprisingly, low genetic variation 
was also identified in common R. alectorolophus using isozymes (II) and in 
R. minor using microsatellites (III, IV). 
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3.3. Species boundaries in genus Rhinanthus 
Genetic differentiation and species relationships within genus were inferred 
from data obtained by isozymes and SSR analyses. Results based on isozymes 
and microsatellites data showed similar differentiation patterns. The UPGMA 
and Neighbor-Joining dendrograms, based on Nei’s genetic distances, illustrate 
the genetic relationships between studied populations and species. Four studied 
species: R. alectorolophus from section Cleistolemus (II), R. minor from section 
Rhinanthus (II, III, IV), Bulgarian endemic R. javorkae from section 
Anoectolemi (III) and unspecified species from Gotland (IV) are genetically 
most distinct from the other studied species. 
All studied species of section Cleistolemus (R. osiliensis, R. rumelicus, 
R. wagneri, R. angustifolius), except R. alectorolophus, were close to each other 
with slight differentiation (I, II, III, IV). Our results demonstrate the genetic 
distinctness of R. alectorolophus and argue against it placement in section 
Cleistolemus. In agreement with current taxonomy, R. minor, which belongs to 
section Rhinanthus, occupies a distinct position an UPGMA dendrogram (II, III 
and IV). Strong genetic differentiation of rare endemic R. javorkae was also in 
accordance with its position in a different section Anoectolemi (III). We found 
that individuals of unnamed Rhinanthus from Gotland comprised a clearly 
differentiated genetic unit (IV). These findings are also supported by the 
Bayesian clustering analysis (Fig. 3 in paper III and IV). 
 
 
3.4. Species relationships between R. osiliensis and 
unspecified taxon from Gotland 
Data, based on fifteen microsatellite primer pairs, clearly separated unassigned 
Rhinanthus sp. from narrow endemic R. osiliensis (IV). All genetic diversity 
parameters (P, A, HO, HE) were remarkably lower in Rhinanthus sp. (Table 4, 
IV). Comparing those two taxa, 95 alleles were detected (Appendix A, IV). All 
15 loci were polymorphic in R. osiliensis and 54 private alleles were detected. 
In contrast, only 4 unique alleles were found in Rhinanthus sp. and 4 loci were 
totally monomorphic. Genetic differentiation of populations (FST) within species 
was high in both studied species (Table 4, IV). Rhinanthus sp. genetic 
differentiation from R. osiliensis was supported by three different analyses: 
Neighbor-Joining dendrogram (Fig. 1, IV), principal component analysis 
(Fig. 2, IV) and Bayesian clustering (Fig. 3, IV). In addition, results showed 
that R. osiliensis and Rhinanthus sp. are both more closely related to 
R. angustifolius than to each other. 
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4. DISCUSSION 
4.1. Breeding mode 
Breeding mode is one of the factors that significantly influence genetic diversity 
of populations and species. Generally, inbred species with restricted geographic 
distribution have lower genetic variation compared to common outbreeding 
plant species (Hamrick and Godt 1989; Frankham 1997). Rare and endemic 
species with small population sizes usually have reduced genetic diversity 
possibly due to bottlenecks, genetic drift and inbreeding (Barrett and Kohn 
1991; Frankham 1998). However, several studies have found that the present 
generalizations may be too simplified and some restricted rare species also have 
high genetic diversity. 
High breeding mode variation has been detected in plants even in closely 
related taxa (Jain 1976; Schemske and Lande 1985). Therefore it is informative 
to evaluate the breeding mode using genetic markers. Inbreeding coefficient FIS 
shows heterozygote deficiency or excess, indicating breeding mode of the 
population (Weir and Cockerham 1984). 
Our results showed a positive inbreeding coefficient as well as homozygosite 
excess in most of the studied populations regardless of species, indicating non-
random mating (I, II, III, IV). Non-random mating is common in plants and 
could be explained by several factors. Studied Rhinanthus species are mainly 
pollinated by bumblebees (Kwak 1978; Ducarme and Wesselingh 2005; Natalis 
and Wesselingh 2012) with flying distances less than 50 m (Saville et al. 1997), 
which rarely lead to pollination between populations. Moreover, bumblebees 
usually visit several flowers on the same plant causing geitonogamous 
pollination (Utelli and Roy 2000; Matsuki et al. 2008). In addition, the quite 
large seeds of Rhinanthus, distributed only by gravitation (Eichwald 960; 
Reitalu 2003; Westbury 2004), usually germinated in close proximity to the 
mother plant, boosting the mating between relatives. Sometimes, selfing is 
likely to be an adaptive breeding mode under conditions of population 
bottlenecks or decreased pollinator visitations (Jain 1976; Schemske and Lande 
1985). Therefore, Rhinanthus species supposedly should be predominantly 
autogamous. 
Among the studied species, widespread R. minor showed significantly high 
fixation index, indicating selfing as a mating mode in contrary to other common 
species (II, III, IV). It has been previously suggested that R. minor can self-
pollinate (Westbury 2004). In addition, Ducarme and Wesselingh (2013) also 
showed high inbreeding coefficient for this species. The morphology of the 
flower of R. minor promotes self-fertilisation as well (Kwak 1979; Ducarme 
and Wesselingh 2013). 
In contrast, R. angustifolius needs bumblebee visitation for pollination 
(Kwak 1979, 1980) which results in higher outcrossing rate (Ducarme and 
Wesselingh 2013). We found considerable variation in levels of genetic 
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diversity and inbreeding coefficient in populations of common R. angustifolius: 
some of them had a mixed mating mode, some were more inbred. These 
findings are not surprising for such a polymorphic and widely distributed 
species as R. angustifolius. Another widespread species R. rumelicus revealed a 
similar pattern of genetic variation and mating mechanisms to R. angustifolius. 
Rare and endemic species quite often have small population sizes with low 
genetic diversity due to bottlenecks, genetic drift and inbreeding (Barrett and 
Kohn 1991; Frankham 1998). In our study, taxa with extremely small 
distribution range (endemics R. osiliensis, R. javorkae and unnamed Rhinanthus 
sp.) showed remarkably high inbreeding levels (I, II, III and IV). In accordance 
with previous studies (Schemske and Lande 1985), our results also showed that 
mating modes vary widely even in closely related taxa (e.g. R. rumelicus and 
R. osiliensis). 
Germination rate and duration of dormancy can also be related to inbreeding. 
Germination rate was in correlation with inbreeding coefficient, where 
R. osiliensis had significantly lower germination rates and longer dormancy of 
seeds compared to R. rumelicus (Fig. 1, I). Rhinanthus minor is a widespread 
species but its dormancy period is longer than expected compared to another 
common species R. angustifolius (ter Borg 2005; Mudrák et al. 2014). Our 
results coincide with previous study of germination in genus Rhinanthus, where 
two different types of dormancy were detected (ter Borg 2005). Duration of 
dormancy could be an adaptation to different environmental conditions (Meyer 
and Carlson 2004). 
 
 
4.2. Genetic diversity within genus Rhinanthus 
Genetic diversity is fundamental for species viability but also influences 
community structure. Species of Rhinathus are especially important to study 
because they have a strong effect on ecosystems through host-parasite 
interactions (Rowntree et al. 2011). Isozymes and microsatellites revealed 
similar results. In general, endemic R. osiliensis and R. javorkae showed lower 
level of genetic diversity compared to the common R. rumelicus, R. wagneri 
and R. angustifolius (I, II, III). In addition, low genetic diversity was found in 
unidentified taxon found on Gotland, Sweden (IV). These results are supported 
by the common idea that narrowly distributed species have lower level of 
genetic diversity compared to widespread ones (Hirai et al. 2012; Yamada and 
Maki 2012). Decreased genetic diversity occurs due to bottlenecks, genetic drift 
and inbreeding (Barrett and Kohn 1991; Frankham 1998). 
We found considerable genetic variation in populations of widespread 
R. angustifolius, R. rumelicus and R. wagneri with unique private alleles in 
latter two species (II, III). Our findings are supported by many others studies of 
widely distributed species (Franckham 1997; Dodd and Helenurm 2002; 
Gonzales and Hamrick 2005). Some species-specific alleles have been 
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previously found in R. angustifolius using RAPD and ISSR markers, probably 
indicating the ongoing speciation process (Ducarme and Wesselingh 2005). 
Unexpected results were found in common species R. minor and 
R. alectorolophus where species showed lower genetic diversity compared to 
the other common species (R. angustifolius, R. rumelicus, R. wagneri) (II, III, 
IV). Low genetic variation in R. minor could derive from its flower morphology 
and breeding mode as discussed before. 
Great variation of genetic diversity between populations within studied 
species is an expected result for genus Rhinanthus. There are many factors that 
influence the levels of genetic diversity among populations of Rhinanthus 
species. Generally, genetic diversity of a population is strongly affected by 
management, local history and climate fluctuations. Species of Rhinanthus do 
not form persistent seed banks and most of the seeds germinate in their first 
year. In addition, seeds remain dormant and a cold stratification period is 
needed for germination (ter Borg 2005). Therefore, a poor vegetation year or an 
unusual winter could have a dramatic influence on the population’s genetic 
diversity. For example, a short and warm winter could be insufficient for 
breaking dormancy, resulting in most of the seeds not germinating in the 
following spring (ter Borg 2005). 
Main habitats of Rhinanthus are grasslands. Seasonal management, such as 
mowing and litter removal is usual in those habitats and directly influences the 
diversity of plant community. Several papers have shown that management 
could have negative or positive influences to viability and also genetic diversity 
of populations. Mowing or grazing before seed production have strong negative 
effects due to annual life trait and no persistent seed bank of Rhinanthus 
(Magda et al. 2004; Mudrák et al. 2014). But, effective management after 
flowering and before seed release helps with seed dispersion (Strykstra et al. 
1997; Bullock et al. 2003). Litter removal also has a positive effect on 
populations, especially on the survival of seeds (Mudrák et al. 2014). Moderate 
disruption of habitat could have positive effect on a population through 
formation of new micropatches and a better environment for Rhinanthus. 
 
 
4.3. Species boundaries in genus Rhinanthus 
The studied genus Rhinanthus includes many species with uncertain taxonomic 
rank and position. Our results demonstrated that assessment of genetic diversity 
may help to elucidate the species differentiation and taxonomic relationships 
within this genus. 
Based on our SSR and isozyme data we can clearly distinguish R. minor (II, 
III, IV), Bulgarian endemic R. javorkae (III), R. alectorolophus (II) and 
unnamed Rhinanthus species (IV) from other studied species. The strong 
differentiation of R. minor and R. javorkae is coincident with morphological 
delimitation and existing taxonomy, where these two species belong to separate 
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sections in genus Rhinanthus. Previous study (Houston and Wolff 2012), based 
on microsatellites markers showed intraspecific differentiation of populations of 
R. minor according to geographic location but not according to subspecies. 
Recently, AFLP data revealed clear-cut genetic split into two strongly 
differentiated geographic groups within R. minor (Vrancken et al. 2012). 
Isozyme results demonstrated that R. alectorolophus is distinct from other 
species in section Cleistolemus (II). This result is inconsistent with 
contemporary taxonomy but in accordance with study of Böhme (2001), where 
ITS sequence data placed R. alectorolophus also apart from other species of 
section Cleistolemus. The present delimitation and composition of sections is 
based purely on flower morphology and even from this point of view 
R. alectorolophus differs from others, having calyxes densely covered with long 
white hairs (Soó and Webb 1972). Investigation of R. alectorolophus with 
AFLP markers did not find any genetic differentiation between ecotypes of this 
species (Pleines et al. 2013). Thus, our results strongly substantiate the distinct 
position of R. alectorolophus and provide additional evidence for paraphyly of 
section Cleistolemus. 
Among all the species studied, R. osiliensis, R. angustifolius, R. rumelicus 
and R. wagneri from section Cleistolemus showed some differentiation but are 
genetically connected to each other according to isozymes (I, II) and 
microsatellites (III, IV). The close relationships between them are in agreement 
with their overall morphology. Rhinanthus osiliensis, R. rumelicus and R wag-
neri have quite similar features. The main difference between R. osiliensis and 
its closest congener R. rumelicus is that the leaves of the latter are remarkably 
wider. Rhinanthus wagneri is very similar to R. rumelicus but its stems and 
bracts are subglabrous (Soó and Webb 1972). The calyx is also subglabrous 
except margins and surface of the fruit (Soó and Webb 1972; Asenov 1995). 
Our results support the general view about low genetic differentiation that 
probably accompanies rapid and recent speciation, as indicated by several 
authors (Gottlieb 1973; Crawford 1985; Segarra-Moragues and Catalán 2002). 
It has been shown that annual species may have as low genetic differentiation as 
conspecific populations due to recent origin of these taxa and incompletely 
developed species boundaries (Gottlieb 1977). The origin from common 
ancestors with further adaptation to different ecological conditions (spring bogs 
for R. osiliensis and meadows for R. rumelicus and R. wagneri) could also be a 
possible explanation for these findings. Our data confirmed the previous ITS 
results (Böhme 2001) that showed low genetic differentiation between species 
and even between different sections. 
The morphologically and ecologically diverse R. angustifolius is common 
everywhere in Europe and co-occurs with the three studied species (R. wagneri, 
R. rumelicus and R. minor). The flowering time of R. angustifolius completely 
overlaps with R. wagneri and partially with R. rumelicus (Asenov 1995) and 
R. osiliensis (Eichwald 1960; Reitalu 2003). Hybridization has been demon-
strated between R. minor and R. angustifolius (Kwak 1980; Ducarme and 
20 
Wesselingh 2005; Ducarme et al. 2010). Unfortunately, hybrids are very 
polymorphic and often so close to their parental species that only genetic 
markers are able to identify hybridization and introgression (Ducarme and 
Wesselingh 2005). The hybridization and introgression of R. minor towards to 
R. angustifolius were detected in several studies (Ducarme et al. 2010; Natalis 
and Wesselingh 2013; Vrancken et al. 2009; Vrancken et al. 2012). 
Furthermore, a putative hybridization event between R. javorkae and R. wagneri 
could be suggested according to our results and personal observations (III). 
Weak species boundaries could be explained by the recolonization routes 
after the last glaciation (Hewitt 2000). Two main Pleistocene refugia have been 
identified: in south-western Europe and in eastern Balkan/Caucasus, whereas 
other authors have suggested that R. angustifolius spread mainly from eastern 
refugium (Vrancken et al. 2009). Phylogeographic studies of R. angustifolius 
(Vrancken et al. 2009) and R. minor (Vrancken et al. 2012) detected 
differentiation of admixture between R. minor and R. angustifolius. The level of 
admixture was low in the west of Europe but higher in the east (Vrancken et al. 
2012). 
 
 
4.4. Species relationships between R. osiliensis and 
unspecified taxon from Gotland 
Theoretical studies emphasize that speciation is a complex process of genetic 
and morphological differentiation. Empirical studies have shown the situation to 
be even more complicated. Our attempt to unravel the relationships between 
unspecified Rhinanthus sp. found on Gotland and rare endemic R. osiliensis 
from Estonian Saaremaa demonstrated their genetic distinctness, regardless of 
morphological and habitat similarity (IV). The populations of Rhinanthus sp. 
showed remarkably lower genetic diversity than R. osiliensis, despite the fact 
that they both have an extremely narrow distribution area (Hirai et al. 2012; 
Yamada and Maki 2012). Several private alleles were found when comparing 
genetic variation at the taxon level. The Neighbour-Joining, a principle 
coordinates analysis and Bayesian clustering clearly separated the Rhinanthus 
sp. from R. osiliensis. 
Similar findings have been reported in studies of the population R. minor 
across Europe (Vrancken et al. 2012). Vrancken and colleagues (ibid.) 
discovered morphologically very similar but genetically surprisingly distinct 
populations of R. minor in different geographic regions. Moreover, those 
genetically distinct populations were genetically more similar to R. angusti-
folius. Our study also found that R. osiliensis is genetically more close to 
R. angustifolius (IV). Conversely, a few studies of Rhinanthus have found no 
genetic distinctness regardless of morphological differentiation (Houston and 
Wolff 2012; Pleines et al. 2013). Lack of genetic separation between six 
different subspecies of R. minor was found in the UK (Houston and Wolff 
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2012), but the studied individuals were distinct from R. minor and R. angusti-
folius found elsewhere in Europe. Another example of disarrangement within 
Rhinanthus is a study of R. alectorolophus (Pleines et al. 2013). Morphological 
characteristics distinguished three different subspecies of R. alectorolophus and 
three genetic clusters were also identified but they did not correspond to the 
taxonomic classification based on morphology. Such examples of discordance 
between levels of genetic and morphological diversity are abundant in plant 
taxonomy (e.g. Doyle 1997; Helsen et al. 2009). Recent speciation, cryptic 
species, hybridization or incomplete investigation may be behind the 
morphologically similar taxa (Bickford et al. 2007; Reeves and Richards 2011). 
Despite the proximity of islands Saaremaa and Gotland and their similar 
geological age and origin (Björck 1995; Tuuling et al. 2011) Rhinanthus sp. and 
R. osiliensis probably used different colonization routes after the last glaciation 
(Hewitt 2000). Thereafter, adaptation to spring fen habitats resulted in the 
convergence of morphologic characters of originally different species. Gene 
flow between two locations is effectively prevented by sea, which keeps the two 
species still dissimilar. This hypothesis is also supported by the presence of 
distinct march orchid’s species on the islands (Ståhlberg and Hedrén 2008). 
Our results showed that individuals of Rhinanthus sp. from Gotland and 
R. osiliensis form two different genetic entities and may not belong to the same 
species. In spite of their strong morphological resemblance, they possess 
remarkable genetic differentiation evaluated by microsatellite data (IV). Further 
genetic comparison between this unnamed Rhinanthus sp. and other species is 
crucial to determine the status and origin of this taxon. A first step in this 
investigation could be the comparison of this taxon with local populations of 
R. angustifolius and R. minor from Gotland.  
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CONCLUSIONS 
Genetic diversity and differentiation levels of seven Rhinanthus species from 
three different sections and one unclear taxon were studied in this thesis. Two 
different molecular techniques – allozymes and microsatellites – were used for 
analyses. The results of this thesis demonstrate the importance of evaluating 
genetic variation for describing complex species taxonomy. Different aspects of 
genetic diversity provide valuable information about the species delimitation, 
relationships and species boundaries. 
 
The following conclusions may be drawn from the obtained results: 
 We developed six new microsatellite markers for endemic R. osiliensis. 
They were successfully amplified in R. rumelicus, R. wagneri, R. angusti-
folius, R. minor and R. javorkae. Allozymes and microsatellites showed 
similar results. However, microsatellites will be favored tools in the future 
for studying species of Rhinanthus due to their higher discriminating ability. 
 Non-random mating and inbreeding were detected in most of the studied 
populations, probably due to particular behavior of pollinators, heavy seeds 
and flower morphology. Significantly different germination rate, duration of 
dormancy and inbreeding were found in R. osiliensis and R. rumelicus. Two 
different dormancy periods were detected, which could indicate adaptation 
to different climate conditions. 
 Low genetic diversity was detected in endemics R. osiliensis and 
R. javorkae. Remarkably low genetic variation was found in Rhinanthus sp. 
from Gotland, Sweden. These results are in accordance with the theoretical 
hypothesis that species with restricted geographic range have low level of 
genetic diversity compared to species with widespread distribution. 
Unexpectedly, widespread R. minor showed also low level of genetic 
variation and high inbreeding mode. This finding could be explained by the 
exceptional flower morphology that induces autonomous self-pollination. 
This fact shows the complexity of patterns of genetic diversity among 
species in the genus Rhinanthus. 
 Rhinanthus minor and R. javokae were well differentiated from other studied 
species. Separation of R. minor and R. javorkae is congruent with previous 
taxonomy where those two species belong to two different sections. 
Surprisingly, R. alectorolophus that belongs to section Cleistolemus together 
with R. osiliensis, R. rumelicus, R. wagneri and R. angustifolius was strongly 
differentiated from those species. This result raises a question about the 
monophyly of this section. Low genetic differentiation of R. osiliensis, R. 
rumelicus, R. wagneri and R. angustifolius shows their close affinity and 
weak genetic structure of section Cleistolemus. 
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 We clearly showed that the unidentified Rhinantus sp. found from Gotland, 
while morphologically similar to R. osiliensis, does not belong to the same 
taxon. Both R. osiliensis and Rhinanthus sp. are genetically more close to 
R. angustifolius. We suggest that these two cryptic species originated from 
two independent island colonization events and may be even from different 
refugia. Further genetic comparison between unspecified Rhinanthus sp. and 
local Rhinanthus species from Gotland is necessary to determine the species 
status and to check for possible alternative hypotheses about the origin of 
this unclear taxon.  
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SUMMARY IN ESTONIAN 
Perekond robirohu (Rhinanthus)  
geneetiline mitmekesisus ja taksonoomia 
Meie planeedi kiiresti kahanev bioloogiline mitmekesisus on viimase aasta-
kümne üks aktuaalsemaid uurimisteemasid. Bioloogiline diversiteet koosneb 
lisaks ökosüsteemide, liikide ja populatsioonide mitmekesisusele ka geneeti-
lisest mitmekesisusest. Tänaseks on tõestatud, et liikide jätkuva ellujäämise 
üheks oluliseks faktoriks on piisav geneetiline varieeruvus. Seega aitab 
geneetilise mitmekesisuse uurimine lahendada nii keerukate liigikomplekside 
taksonoomilisi probleeme kui annab meile infot tänapäeva liigirikkuse, liikide 
mineviku ning evolutsiooni kohta. Nii ei ole tänapäeva looduskaitse mõeldav 
ilma haruldaste ning laialt levinud liikide võrdleva geneetilise analüüsita, mille 
põhjal saab koostada otstarbekad kaitsekavad. Geneetiline varieeruvus on 
otseselt seotud taimede paljunemisviisi ja populatsiooni suurusega. Isegi 
lähedastele taimeliikidele on iseloomulik suur paljunemisviiside varieeruvus 
ning risttolmlejatel on isetolmlejatega võrreldes reeglina kõrgem geneetiline 
mitmekesisus. Haruldastel ja endeemsetel liikidel on sageli väiksed popu-
latsioonid, kus mitme protsessi (pudelikaela efekt, geneetiline triiv ning 
sugulusristumine) koosmõju viib madalama geneetilise varieeruvuseni. Niisiis 
on mitmekülgsed geneetilised uuringud liigirikkuse adekvaatseks hindamiseks 
ning kaitstmiseks asendamatud. 
Perekond robirohi (Rhinanthus L.) koosneb ligikaudu 30 üheaastasest 
poolparasiitsest liigist, mis on peamiselt õite morfoloogia alusel jagatud viide 
sektsiooni: Rhinanthus L., Brevirostres (Sterneck) Soó, Anomali (Sterneck) 
Soó, Anoectolemi Chab. ja Cleistolemus Chab. Perekonda iseloomustab takso-
noomiline keerukus – kirjeldatud on palju ebaselge staatusega endeeme, alam-
liike ning ökotüüpe. Lisaks sellele esineb tunnustatud taksonite vahepealsete 
tunnustega indiviide, mida seletatakse nii fenotüübilise plastilisuse kui 
hübridisatsiooniga. Kuigi viimastel aastatel on avaldatud mitmeid asjakohaseid 
teadustöid robirohu perekonna kohta, on endiselt palju vastamata küsimusi ning 
neid tekib aina juurde. 
Käesolev väitekiri keskendub perekonna Rhinanthus seitsme liigi: saaremaa 
robirohu R. osiliensis (I, II, III, IV), rumeelia robirohu R. rumelicus (I, II, III), 
R. wagneri (II, III), suure robirohu R. angustifolius (II, III, IV), R. alecto-
rolophus (II) sektsioonist Cleistolemus, väikese robirohu R. minor (II, III, IV) 
sektsioonist Rhinanthus ning R. javorkae (III) sektsioonist Anoectolemi 
geneetilisele analüüsile. Lisaks uurisime ühte ebaselget robirohu taksonit 
Gotlandi saarelt Rootsist. Täitmaks uurimuse eesmärke, töötasime välja kuus 
uut mikrosatelliitide praimerit Eesti endeemse liigi R. osiliensise jaoks. Need 
sobivad ka teiste robirohu liikide geneetilise mitmekesisuse analüüsimiseks. 
Uuritud liikide paljunemisviiside väljaselgitamiseks kasutasime nii iso-
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ensüümide kui mikrosatelliitide meetodit. Mõlemad näitasid, et kõigis perekond 
Rhinanthus uuritud liikide populatsioonides esineb sugulusristumist ehk 
inbriidingut (I, II, III, IV). Robirohu liigid on putuktolmlejad, kuid tolmel-
damine toimub sageli sama taime erinevate õite vahel ehk geitonogaamselt, mis 
vähendab suure tõenäosusega võõrtolmlemist ja geenivoogu erinevate 
populatsioonide vahel. Lisaks langevad rasked seemned emataime ümbrusesse, 
mis suurendab veelgi sugulusristumise tõenäosust. Haruldase endeemi 
R. osiliensis’e ja tema lähima laia levikuga sugulusliigi R. rumelicus seemnete 
idanevus ning puhkeperioodi kestvus osutusid väga erinevaks. Võib väita, et 
siin on tegemist adaptatsiooniga erinevate kasvukoha tingimuste ja regiooni 
kliimaga. 
Kasutasime mõlemat mainitud molekulaarset meetodit ka liikide geneetilise 
mitmekesisuse hindamiseks ning võrdlemiseks perekonnas Rhinanthus (I, II, 
III, IV). Tulemused näitasid, et endeemsetel liikidel (R. osiliensis ja 
R. javorkae) on madalam geneetiline mitmekesisus kui laialt levinud liikidel 
(R. rumelicus, R. wagneri, R. angustifolius). Ka Gotlandi ebaselget taksonit ise-
loomustab väga madal geneetiline mitmekesisus. Need tulemused on kooskõlas 
teoreetiliste hüpoteesidega, mille kohaselt kitsa levikuga liigid ongi geneetiliselt 
vaesemad. Üllatusena leidsime, et ka laialt levinud liik R. minor on madala 
geneetilise varieeruvuse ja kõrge inbriidingu määraga. Lähimalt uurides ilmnes, 
et selle liigi õites on tolmukad ja emakas teineteisele väga lähedal ning see 
soodustab isetolmlemist. Meie tulemused näitasid, et üldlevinud arusaam, et 
putuktolmlejad liigid on valdavalt võõrtolmlejad ei pruugi vastata reaalsele 
pildile. Isegi ühe perekonna piires liikide paljunemisviisid märkimisväärselt 
varieerusid. Analüüsisime ka liikide omavahelist eristumist ja liigisisest 
varieeruvust (I, II, III, IV) uuritud liikide seas. Teistest uuritud liikidest 
eristusid enim R. minor sektsioonist Rhinanthus (II, III, IV), Bulgaaria endeem 
R. javorkae sektsioonist Anoectolemi (III) ning R. alectorolophus sektsioonist 
Cleistolemus (II). Rhinanthus minor ja R. javorkae geneetiline eristumine on 
kehtiva klassifikatsiooniga vastavuses. Nad kuuluvad eraldi sektsioonidesse. 
Ootamatu oli R. alectorolophus geneetiline erisus võrreldes teiste Cleistomus 
sektsiooni kuuluvate liikidega. Siiski, on meie tulemused kooskõlas eelneva 
uuringuga, kus ka ITS järjestused eristasid R. alectorolophus teistest sama 
sektsiooni liikidest. Väidame, et sektsioon Cleistolemus ei pruugi olla mono-
füleetiline grupp ning vajab ümberklassifitseerimist. Teised sektsiooni 
Cleistolemus liigid R. osiliensis, R. angustifolius, R. rumelicus ja R. wagneri 
olid geneetiliselt sarnased. Madal geneetiline mitmekesisus iseloomustab sageli 
hiljuti tekkinud noori liike. On tõenäone, et sektsioonis Cleistolemus on liigi-
tekkelised protsessid alles käimas ning liigid pole veel lõplikult geneetiliselt 
eristunud. Lisaks sellele toimub perekonna Rhinanthus liikide vahel sageli 
hübridisatsioon, mis omakorda vähendab liikide geneetilist diferentseerumist. 
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Kuna hübriidid on morfoloogiliselt väga varieeruvad on neid võimalik kind-
lamalt tuvastada vaid geneetiliste meetoditega. 
Hindasime ka Gotlandist leitud ebaselge robirohu populatsiooni geneetilist 
mitmekesisust ning võrdlesime saadud tulemusi morfoloogiliselt väga sarnase 
Saaremaa robirohuga R. osiliensis (IV). Tulemused näitasid, et Rootsist, Got-
landi saarelt leitud robirohu populatsioon ning Eesti endeem R. osiliensis on 
teineteisest geneetiliselt märkimisväärselt eristunud ning tegemist ei saa olla 
ühe liigiga. Rhinanthus osiliensis oli geneetiliselt lähedasem hoopis laialt 
levinud suurele robirohule R. angustifolius. Lõpliku taksonoomilise järelduse 
tegemiseks on vajalik ebaselge taksoni geneetiline võrdlus teiste Rootsis leidu-
vate robirohu liikidega. Käesolevas doktoritöös esitatud tulemused näitavad 
molekulaargeneetiliste uuringute tähtsust ja vajalikkust nii teoreetiliste kui ka 
praktiliste probleemide lahendamiseks. Geneetilise varieeruvuse andmete põhjal 
on võimalik selgitada keerulisi liikidevahelisi suhteid ja liigipiire, hinnata 
populatsioonide elujõulisust, kirjeldada geograafilist eristumist ning tuvastada 
hübridisatsiooni. Alles peale eelnimetatud teoreetiliste probleemide lahendamist 
on võimalik pöörduda praktilise looduskaitse poole. Meie tulemused lubavad 
teostada haruldase saaremaa robiruhu populatsioonide geneetilist inventuuri, 
ning koostada konkreetsetest geneetilisest andmetest lähtudes adekvaatsed ja 
efektiivsed kaitsestrateegiad ja kavad. 
  
32 
ACKNOWLEDGEMENTS 
My sincerest gratitude goes to Dr. Tatjana Oja for supervision and advice. I 
would like to thank Vello Jaaska for valuable comments, Georgi Angelov for 
helping to collect samples from Bulgaria. I am also thankful to all the co-
authors, especially Mitchell E. McGlaughlin and Kaius Helenurm for the 
opportunity to visit the laboratory in South Dakota. I would like to thank Ülle, 
Margarita, Lisanna and Kadi for their help with field works and in the lab. 
This research was supported by the European Regional Development Fund 
(Center of Excellence FIBIR), the Estonian Science Foundation Grant 7544 and 
the University of South Dakota departmental funds to K. Helenurm. 
 
  
  
 
 
 
 
PUBLICATIONS 
 
9
CURRICULUM VITAE 
Name: Tiina Talve 
Date of birth: 25.01.1982 
Citizenship: Estonian 
Phone: +372 53 447 314 
E-mail: tiina.talve@ut.ee 
 
Current position: University of Tartu, Institute of Ecology and Earth Sciences, 
Department of Botany, PhD student 
 Competence Center of Food and Fermentation Technologies, 
researcher 
 
Language skills: Estonian (mother tongue), English 
 
Education: 
2007– PhD studies in Botany and Ecology, University of Tartu 
2005–2007 MSc in Botany and Ecology, University of Tartu 
2000–2005 BSc in Botany and Ecology, University of Tartu 
1997–2000 Secondary Education, Nõo Reaalgümnaasium 
 
Professional employment: 
2013–  Competence Center of Food and Fermentation Technologies; 
Researcher 
2000–2011 Fixed-term contracts at University of Tartu (preparatory, 
lab technician, herbarium technician) 
 
Research interests: 
Plant population genetics, breeding mode, genetic differentiation and taxonomy 
of species with different distribution. 
 
Publications: 
Talve T, Mürk M, Lindell T, Oja T. 2014. Rhinanthus plants found in 
calcareous fens on Gotland (Sweden): are they related to R. osiliensis form 
Saaremaa (Estonia)? Biochemical Systematics and Ecology, 54, 113–122. 
Talve T, McGlaughlin ME, Helenurm K, Wallace LE, Oja T. 2013. Population 
genetic diversity and species relationships in the genus Rhinanthus L. based 
on microsatellite markers. Plant Biology, 16, 495–502. 
Oja T, Talve T. 2012. Genetic diversity and differentiation in six species of the 
genus Rhinanthus (Orobanchaceae). Plant Systematics and Evolution, 298, 
901–911. 
Talve T, Orav K, Angelov G, Pihu S, Reier S, Oja T. 2012. Comparative study 
of seed germination and genetic variation of rare endemic Rhinanthus 
8923
osiliensis and related widespread congener R. rumelicus (Orobanchaceae). 
Folia Geobotanica, 47, 1–15. 
Helm A, Oja T, Saar L, Takkis K, Talve T, Pärtel M. 2009. Human influence 
lowers plant genetic diversity in communities with extinction debt. Journal 
of Ecology, 97, 1329–1336. 
 
Conference presentations: 
Talve T, Oja T, Mürk M. Genetic diversity and taxonomic relationships 
between Estonian endemic Rhinanthus osiliensis (Ronn. Et Saars.) Vassilcz. 
and Rhinanthus sp. found on the island of Gotland, Sweden. In: 26th 
Conference of the Plant Population Biology abstracts: 26th Conference of 
the Plant Population Biology. 9–11 May 2013. Tartu, Estonia. Poster 
presentation. 
Reier Ü, Rammul K, Talve T, Oja T. Microsatellite markers reveal that a small 
translocated population of Dianthus superbus L. has not lost genetic 
diversity. In: XVIII International Botanical Congress. 23–29 July 2011. 
Melbourne, Australia. Poster presentation. 
Talve T, Oja T. Comparison of genetic variation and reproductive mode among 
populations of six Rhinanthus species. In: 24th Annual Conference of the 
Plant Population Biology Section of the Ecological Society of Germany, 
Switzerland and Austria (GfÖ). 2–4 June 2011. Oxford, UK. Poster pre-
sentation. 
Talve T, McGlaughlin ME, Helenurm K, Wallace LE, Oja T. New micro-
satellite primers and population genetic diversity in three Rhinanthus 
species. In: 23th Annual Conference of the Plant Population Biology Section 
of the Ecological Society of Germany, Switzerland and Austria (GfÖ). 13–
15 May 2010, Nijmegen, Nederlands. Poster presentation. 
Talve T, Oja T. Population genetic diversity of the rare endemic species 
Rhinanthus osiliensis based on different molecular markers. In: 23th 
Conference–Expedition of the Baltic Botanists, 19–22 July 2010. Haapsalu, 
Estonia. Poster presentation. 
Oja T, Talve T. Genetic variation and autotetraploid nature of rare endemic 
Rhinanthus osiliensis and related widespread congener R. rumelicus 
(Orobanchaceae). In: 22nd Plant population biology in a changing world. 21–
24 May 2009. Bern, Switzerland. Poster presentation. 
Pihu S, Talve T, Zobel M. Intrapopulational genetic diversity of Hepatica 
nobilis and Viola mirabilis. In: Generality, specificity and diversity of clonal 
growth: 8th Clonal Plant Workshop. 27–30 June 2006. Pärnu, Estonia. 
Poster presentation. 
  
90 
ELULOOKIRJELDUS 
Nimi: Tiina Talve 
Sünniaeg: 25.01.1982 
Kodakondsus: Eesti 
Telefon: +372 53 447 314 
E-post: tiina.talve@ut.ee 
 
Praegune töökoht: Ökoloogia ja Maateaduste Instituut, Botaanika osakond, 
Tartu Ülikool, doktorant 
 AS Toidu- ja Fermentatsioonitehnoloogia Arenduskeskus, 
teadur 
 
Haridus: 
2007– Doktoriõpe botaanika ja ökoloogia erialal, Tartu Ülikool 
2005–2007 Magistrikraad taime- ja seeneteaduste erialal, Tartu Ülikool 
2000–2005 Bakalaureusekraad bioloogias, Tartu Ülikool 
1997–2000 Keskharidus, Nõo Reaalgümnaasium 
 
Keelteoskus: eesti (emakeel), inglise 
 
Töökogemus: 
2013–  AS Toidu- ja Fermentatsioonitehnoloogia Arenduskeskus; 
teadur 
2000–2011 Tähtajalised töölepingud Tartu Ülikooliga (laborant, 
herbaariumi tehnik) 
 
Peamised uurimisvaldkonnad: 
Taimede populatsioonigeneetika, paljunemisviisid, geneetiline mitmekesisus 
ning taksonoomia uurimine erineva levikuga liikidel. 
 
Publikatsioonide loetelu: 
Talve T, Mürk M, Lindell T, Oja T. 2014. Rhinanthus plants found in 
calcareous fens on Gotland (Sweden): are they related to R. osiliensis form 
Saaremaa (Estonia)? Biochemical Systematics and Ecology, 54, 113–122. 
Talve T, McGlaughlin ME, Helenurm K, Wallace LE, Oja T. 2013. Population 
genetic diversity and species relationships in the genus Rhinanthus L. based 
on microsatellite markers. Plant Biology, 16, 495–502. 
Oja T, Talve T. 2012. Genetic diversity and differentiation in six species of the 
genus Rhinanthus (Orobanchaceae). Plant Systematics and Evolution, 298, 
901–911. 
Talve T, Orav K, Angelov G, Pihu S, Reier S, Oja T. 2012. Comparative study 
of seed germination and genetic variation of rare endemic Rhinanthus 
91
osiliensis and related widespread congener R. rumelicus (Orobanchaceae). 
Folia Geobotanica, 47, 1–15. 
Helm A, Oja T, Saar L, Takkis K, Talve T, Pärtel M. 2009. Human influence 
lowers plant genetic diversity in communities with extinction debt. Journal 
of Ecology, 97, 1329–1336. 
 
Konverentsi ettekanded: 
Talve T, Oja T, Mürk M. Genetic diversity and taxonomic relationships 
between Estonian endemic Rhinanthus osiliensis (Ronn. Et Saars.) Vassilcz. 
and Rhinanthus sp. found on the island of Gotland, Sweden. In: 26th 
Conference of the Plant Population Biology abstracts: 26th Conference of 
the Plant Population Biology. 9–11 Mai 2013. Tartu, Eesti. Posterettekanne. 
Reier Ü, Rammul K, Talve T, Oja T. Microsatellite markers reveal that a small 
translocated population of Dianthus superbus L. has not lost genetic 
diversity. In: XVIII International Botanical Congress. 23–29 Juuli 2011. 
Melbourne, Austraalia. Posterettekanne. 
Talve T, Oja T. Comparison of genetic variation and reproductive mode among 
populations of six Rhinanthus species. In: 24th Annual Conference of the 
Plant Population Biology Section of the Ecological Society of Germany, 
Switzerland and Austria (GfÖ). 2–4 Juuni 2011. Oxford, UK. Poster-
ettekanne. 
Talve T, McGlaughlin ME, Helenurm K, Wallace LE, Oja T. New micro-
satellite primers and population genetic diversity in three Rhinanthus 
species. In: 23th Annual Conference of the Plant Population Biology Section 
of the Ecological Society of Germany, Switzerland and Austria (GfÖ), 13–
15 Mai 2010. Nijmegen, Holland. Posterettekanne. 
Talve T, Oja T. Population genetic diversity of the rare endemic species 
Rhinanthus osiliensis based on different molecular markers. In: 23th 
Conference–Expedition of the Baltic Botanists, 19–22 Juuli 2010. Haapsalu, 
Eesti. Posterettekanne. 
Oja T, Talve T. Genetic variation and autotetraploid nature of rare endemic 
Rhinanthus osiliensis and related widespread congener R. rumelicus 
(Orobanchaceae). In: 22nd Plant population biology in a changing world. 21–
24 Mai 2009. Bern, Šveits. Posterettekanne. 
Pihu S, Talve T, Zobel M. Intrapopulational genetic diversity of Hepatica 
nobilis and Viola mirabilis. In: Generality, specificity and diversity of clonal 
growth. 8th Clonal Plant Workshop. 27–30 Juuni 2006. Pärnu, Eesti. 
Posterettekanne. 
 
92 
DISSERTATIONES BIOLOGICAE 
UNIVERSITATIS TARTUENSIS 
 
  1. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p. 
  2. Enn K. Seppet. Thyroid state control over energy metabolism, ion transport 
and contractile functions in rat heart. Tartu, 1991, 135 p.  
  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indikaa-
toritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 
  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transposable 
elements in helper plasmids. Tartu, 1992, 91 p. 
  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 
strain EST 1001. Tartu, 1992, 61 p. 
  6. Allan Nurk. Nucleotide sequences of phenol degradative genes from 
Pseudomonas sp. strain EST 1001 and their transcriptional activation in 
Pseudomonas putida. Tartu, 1992, 72 p. 
  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-
logy and introduction. Tartu, 1993, 91 p. 
  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli ribo-
some. Tartu, 1993, 68 p. 
  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 
10. Arvo Käärd. The development of an automatic online dynamic fluo-
rescense-based pH-dependent fiber optic penicillin flowthrought biosensor 
for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p. 
11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p. 
12. Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu, 
1993, 47 p. 
13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 
trees grown under different enviromental conditions. Tartu, 1994, 119 p.  
13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 
1994, 108 p. 
14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 
15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 
transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 
16. Peeter Hõrak. Pathways of selection in avian reproduction: a functional 
framework and its application in the population study of the great tit (Parus 
major). Tartu, 1995, 118 p. 
17. Erkki Truve. Studies on specific and broad spectrum virus resistance in 
transgenic plants. Tartu, 1996, 158 p. 
18. Illar Pata. Cloning and characterization of human and mouse ribosomal 
protein S6-encoding genes. Tartu, 1996, 60 p. 
19. Ülo Niinemets. Importance of structural features of leaves and canopy in 
determining species shade-tolerance in temperature deciduous woody taxa. 
Tartu, 1996, 150 p. 
9324
20. Ants Kurg. Bovine leukemia virus: molecular studies on the packaging 
region and DNA diagnostics in cattle. Tartu, 1996, 104 p. 
21. Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996, 
100 p. 
22. Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor tran-
scription factors in neurogenesis. Tartu, 1996, 109 p. 
23. Maido Remm. Human papillomavirus type 18: replication, transformation 
and gene expression. Tartu, 1997, 117 p. 
24. Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,  
124 p. 
25. Kalle Olli. Evolutionary life-strategies of autotrophic planktonic micro-
organisms in the Baltic Sea. Tartu, 1997, 180 p. 
26. Meelis Pärtel. Species diversity and community dynamics in calcareous 
grassland communities in Western Estonia. Tartu, 1997, 124 p. 
27. Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania: dis-
tribution, morphology and taxonomy. Tartu, 1997, 186 p. 
28. Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997,  
80 p. 
29. Arvo Tuvikene. Assessment of inland water pollution using biomarker 
responses in fish in vivo and in vitro. Tartu, 1997, 160 p. 
30. Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of  
23S rRNA. Tartu, 1997, 134 p. 
31. Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of Riga 
ecosystem. Tartu, 1997, 138 p. 
32. Lembi Lõugas. Post-glacial development of vertebrate fauna in Estonian 
water bodies. Tartu, 1997, 138 p. 
33. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 
galanin-based chimeric peptides. Tartu, 1998, 110 p. 
34. Andres Saag. Evolutionary relationships in some cetrarioid genera (Liche-
nized Ascomycota). Tartu, 1998, 196 p. 
35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 
36. Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 
eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 
37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis on 
the competition and coexistence of calcareous grassland plant species. 
Tartu, 1998, 78 p. 
38. Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keroplati-
dae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu, 
1998, 200 p.  
39. Andrus Tasa. Biological leaching of shales: black shale and oil shale. 
Tartu, 1998, 98 p. 
40. Arnold Kristjuhan. Studies on transcriptional activator properties of tumor 
suppressor protein p53. Tartu, 1998, 86 p. 
94
41. Sulev Ingerpuu. Characterization of some human myeloid cell surface and 
nuclear differentiation antigens. Tartu, 1998, 163 p. 
42. Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic 
factors in the shallow lake Võrtsjärv. Tartu, 1998, 118 p. 
43. Kadri Põldmaa. Studies in the systematics of hypomyces and allied genera 
(Hypocreales, Ascomycota). Tartu, 1998, 178 p. 
44. Markus Vetemaa. Reproduction parameters of fish as indicators in 
environmental monitoring. Tartu, 1998, 117 p. 
45. Heli Talvik. Prepatent periods and species composition of different 
Oesophagostomum spp. populations in Estonia and Denmark. Tartu, 1998, 
104 p. 
46. Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water 
vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p. 
47. Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998, 
77 p. 
48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 
sources of variation and connections with life-history traits. Tartu, 1999, 
117 p. 
49. Juan Jose Cantero. Plant community diversity and habitat relationships in 
central Argentina grasslands. Tartu, 1999, 161 p. 
50. Rein Kalamees. Seed bank, seed rain and community regeneration in 
Estonian calcareous grasslands. Tartu, 1999, 107 p. 
51. Sulev Kõks. Cholecystokinin (CCK) — induced anxiety in rats: influence 
of environmental stimuli and involvement of endopioid mechanisms and 
erotonin. Tartu, 1999, 123 p. 
52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 
clover and pasture. Tartu, 1999, 123 p. 
53. Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-
mal complex formation in cereals. Tartu, 1999, 99 p. 
54. Andres Valkna. Interactions of galanin receptor with ligands and  
G-proteins: studies with synthetic peptides. Tartu, 1999, 103 p. 
55. Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999, 
101 p. 
56. Ana Rebane. Mammalian ribosomal protein S3a genes and intron-encoded 
small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 
57. Tiina Tamm. Cocksfoot mottle virus: the genome organisation and transla-
tional strategies. Tartu, 2000,  101 p. 
58. Reet Kurg. Structure-function relationship of the bovine papilloma virus E2 
protein. Tartu, 2000, 89 p. 
59. Toomas Kivisild. The origins of Southern and Western Eurasian popula-
tions: an mtDNA study. Tartu, 2000, 121 p. 
60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. Tartu 
2000. 88 p. 
95
61. Dina Lepik. Modulation of viral DNA replication by tumor suppressor 
protein p53. Tartu 2000. 106 p. 
62. Kai Vellak. Influence of different factors on the diversity of the bryophyte 
vegetation in forest and wooded meadow communities. Tartu 2000. 122 p. 
63. Jonne Kotta. Impact of eutrophication and biological invasionas on the 
structure and functions of benthic macrofauna. Tartu 2000. 160 p. 
64. Georg Martin. Phytobenthic communities of the Gulf of Riga and the inner 
sea the West-Estonian archipelago. Tartu, 2000. 139 p. 
65.  Silvia Sepp. Morphological and genetical variation of Alchemilla L. in 
Estonia. Tartu, 2000. 124 p. 
66. Jaan Liira. On the determinants of structure and diversity in herbaceous 
plant communities. Tartu, 2000. 96 p. 
67. Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu 2001. 
111 p. 
68. Tiit Teder. Direct and indirect effects in Host-parasitoid interactions: 
ecological and evolutionary consequences. Tartu 2001. 122 p. 
69. Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its 
transport across the plasma membrane. Tartu 2001. 80 p. 
70. Reet Marits. Role of two-component regulator system PehR-PehS and 
extracellular protease PrtW in virulence of Erwinia Carotovora subsp. 
Carotovora. Tartu 2001. 112 p. 
71. Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-
mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus 
major, breeding in Nothern temperate forests. Tartu, 2002. 126 p. 
72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in 
Pseudomonas putida. Tartu, 2002. 108 p. 
73. Liina Eek-Piirsoo. The effect of fertilization, mowing and additional 
illumination on the structure of a species-rich grassland community. Tartu, 
2002. 74 p. 
74. Krõõt Aasamaa. Shoot hydraulic conductance and stomatal conductance of 
six temperate deciduous tree species. Tartu, 2002. 110 p. 
75. Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002. 
112 p. 
76. Neeme Tõnisson. Mutation detection by primer extension on oligo-
nucleotide microarrays. Tartu, 2002. 124 p. 
77. Margus Pensa. Variation in needle retention of Scots pine in relation to 
leaf morphology, nitrogen conservation and tree age. Tartu, 2003. 110 p. 
78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 
principles to applications. Tartu, 2003. 168 p. 
79. Viljar Jaks. p53 — a switch in cellular circuit. Tartu, 2003. 160 p. 
80. Jaana Männik. Characterization and genetic studies of four ATP-binding 
cassette (ABC) transporters. Tartu, 2003. 140 p. 
81. Marek Sammul. Competition and coexistence of clonal plants in relation to 
productivity. Tartu, 2003. 159 p 
96
82. Ivar Ilves. Virus-cell interactions in the replication cycle of bovine 
papillomavirus type 1. Tartu, 2003. 89 p.  
83. Andres Männik. Design and characterization of a novel vector system 
based on the stable replicator of bovine papillomavirus type 1. Tartu, 2003. 
109 p. 
84. Ivika Ostonen. Fine root structure, dynamics and proportion in net 
primary production of Norway spruce forest ecosystem in relation to site 
conditions. Tartu, 2003. 158 p. 
85. Gudrun Veldre. Somatic status of 12–15-year-old Tartu schoolchildren. 
Tartu, 2003. 199 p. 
86.  Ülo Väli. The greater spotted eagle Aquila clanga and the lesser spotted 
eagle A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004. 
159 p.  
87. Aare Abroi. The determinants for the native activities of the bovine 
papillomavirus type 1 E2 protein are separable. Tartu, 2004. 135 p. 
88. Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004. 116 p. 
89. Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 
feeders and mesograzers in the northern Baltic Sea. Tartu, 2004. 117 p. 
90. Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 
perennial plants and their effect on plant performance. Tartu, 2004. 175 p.  
91. Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004. 109 p. 
92. Kristiina Tambets. Towards the understanding of post-glacial spread of 
human mitochondrial DNA haplogroups in Europe and beyond: a phylo-
geographic approach. Tartu, 2004. 163 p. 
93. Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004. 103 p. 
94. Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 
protein p53. Tartu, 2004. 103 p. 
95. Jaak Truu. Oil shale industry wastewater: impact on river microbial  
community and possibilities for bioremediation. Tartu, 2004. 128 p. 
96. Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 
2004. 105 p. 
97. Ülo Maiväli. Studies on the structure-function relationship of the bacterial 
ribosome. Tartu, 2004. 130 p.  
98. Merit Otsus. Plant community regeneration and species diversity in dry 
calcareous grasslands. Tartu, 2004. 103 p. 
99. Mikk Heidemaa. Systematic  studies  on  sawflies of  the  genera Dolerus,  
Empria,  and  Caliroa (Hymenoptera:  Tenthredinidae). Tartu, 2004. 167 p. 
100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 
N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 
lakes. Tartu, 2004. 111 p. 
101. Lauri Saks. Immune function, parasites, and carotenoid-based ornaments 
in greenfinches. Tartu, 2004. 144 p.  
102. Siiri Rootsi. Human Y-chromosomal variation in European populations. 
Tartu, 2004. 142 p. 
9725
103. Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative 
plasmid pEST4011. Tartu, 2005. 106 p.  
104.  Andres Tover. Regulation of transcription of the phenol degradation 
pheBA operon in Pseudomonas putida. Tartu, 2005. 126 p. 
105.  Helen Udras. Hexose  kinases  and  glucose transport  in  the  yeast Han-
senula  polymorpha. Tartu, 2005. 100 p. 
106. Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-
bution patterns, taxonomy. Tartu, 2005. 162 p. 
107. Piret Lõhmus. Forest lichens and their substrata in Estonia. Tartu, 2005. 
162 p.  
108. Inga Lips. Abiotic factors controlling the cyanobacterial bloom occur-
rence in the Gulf of Finland. Tartu, 2005. 156 p. 
109.  Kaasik, Krista. Circadian clock genes in mammalian clockwork, meta-
bolism and behaviour. Tartu, 2005. 121 p. 
110.  Juhan Javoiš. The effects of experience on host acceptance in ovipositing 
moths. Tartu, 2005. 112 p.  
111.  Tiina Sedman. Characterization  of  the  yeast Saccharomyces  cerevisiae 
mitochondrial  DNA  helicase  Hmi1. Tartu, 2005. 103 p.  
112.  Ruth Aguraiuja. Hawaiian endemic fern lineage Diellia (Aspleniaceae): 
distribution, population structure and ecology. Tartu, 2005. 112 p.  
113.  Riho Teras. Regulation of transcription from the fusion promoters ge-
nerated by transposition of Tn4652 into the upstream region of pheBA 
operon in Pseudomonas putida. Tartu, 2005. 106 p.  
114.  Mait Metspalu. Through the course of prehistory in india: tracing the 
mtDNA trail. Tartu, 2005. 138 p.  
115. Elin Lõhmussaar. The comparative patterns of linkage disequilibrium in 
European populations and its implication for genetic association studies. 
Tartu, 2006. 124 p. 
116. Priit Kupper. Hydraulic and environmental limitations to leaf water rela-
tions in trees with respect to canopy position. Tartu, 2006. 126 p. 
117. Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas 
Putida. Tartu, 2006. 120 p. 
118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 
Saccharomyces cerevisiae mitochondria. Tartu, 2006. 126 p. 
119. Kersti Püssa. Forest edges on medium resolution landsat thematic mapper 
satellite images. Tartu, 2006. 90 p. 
120. Lea Tummeleht. Physiological condition and immune function in great 
tits (Parus major l.): Sources of variation and trade-offs in relation to 
growth. Tartu, 2006. 94 p. 
121. Toomas Esperk. Larval instar as a key element of insect growth schedules. 
Tartu, 2006. 186 p.  
122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus)  in the Baltic 
region:  Diets,  helminth parasites and genetic variation. Tartu, 2006. 102 p. 
98
123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida 
albicans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 
124. Kersti Lilleväli. Gata3 and Gata2 in inner ear development. Tartu, 2007. 
123 p.  
125. Kai Rünk. Comparative ecology of three fern species: Dryopteris carthu-
siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and 
D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007. 143 p.  
126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 
of human history and landscape structure. Tartu, 2007. 89 p.  
127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community structure 
in Estonia, Seychelles and Australia. Tartu, 2007. 233 p.  
128. Marko Mägi. The habitat-related variation of reproductive performance of 
great tits in a deciduous-coniferous forest mosaic: looking for causes and 
consequences. Tartu, 2007. 135 p.  
129. Valeria Lulla. Replication strategies and applications of Semliki Forest 
virus. Tartu, 2007. 109 p.  
130. Ülle Reier. Estonian threatened vascular plant species: causes of rarity and 
conservation. Tartu, 2007. 79 p. 
131. Inga Jüriado. Diversity of lichen species in Estonia: influence of regional 
and local factors. Tartu, 2007. 171 p. 
132. Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based 
cooperation. Tartu, 2007. 112 p. 
133. Signe Saumaa. The role of DNA mismatch repair and oxidative DNA 
damage defense systems in avoidance of stationary phase mutations in 
Pseudomonas putida. Tartu, 2007. 172 p. 
134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 
markers for association studies in european populations. Tartu, 2007. 96 p.  
135. Priit Kilgas. Blood parameters as indicators of physiological condition and 
skeletal development in great tits (Parus major): natural variation and 
application in the reproductive ecology of birds. Tartu, 2007. 129 p.  
136. Anu Albert. The role of water salinity in structuring eastern Baltic coastal 
fish communities. Tartu, 2007. 95 p.  
137. Kärt Padari. Protein transduction mechanisms of transportans. Tartu, 2008. 
128 p. 
138. Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu, 
2008. 125 p. 
139. Ülle Jõgar. Conservation and restoration of semi-natural floodplain mea-
dows and their rare plant species. Tartu, 2008. 99 p. 
140. Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008. 133 p. 
141. Reidar Andreson. Methods and software for predicting PCR failure rate in 
large genomes. Tartu, 2008. 105 p.  
142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008. 175 p. 
99
100
143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 
Tartu, 2008, 98 p.  
144. Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008, 
190 p. 
145. Daima Örd. Studies on the stress-inducible pseudokinase TRB3, a novel 
inhibitor of transcription factor ATF4. Tartu, 2008, 108 p. 
146. Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria 
(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p. 
147. Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-
finches – assessment of the costs of immune activation and mechanisms of 
parasite resistance in a passerine with carotenoid-based ornaments. Tartu, 
2008, 124 p. 
148. Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-
pancy by animals. Tartu, 2008, 128 p. 
149. Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-
nulosus in Estonia: phylogenetic relationships and occurrence in wild 
carnivores and ungulates. Tartu, 2008, 82 p. 
150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 
151. Janne Pullat. Design, functionlization and application of an in situ 
synthesized oligonucleotide microarray. Tartu, 2008, 108 p. 
152. Marta Putrinš. Responses of Pseudomonas putida to phenol-induced 
metabolic and stress signals. Tartu, 2008, 142 p.  
153.  Marina Semtšenko. Plant root behaviour: responses to neighbours and 
physical obstructions. Tartu, 2008, 106 p. 
154. Marge Starast. Influence of cultivation techniques on productivity and 
fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.  
155. Age Tats. Sequence motifs influencing the efficiency of translation. Tartu, 
2009, 104 p. 
156. Radi Tegova. The role of specialized DNA polymerases in mutagenesis in 
Pseudomonas putida. Tartu, 2009, 124 p. 
157. Tsipe Aavik. Plant species richness, composition and functional trait 
pattern in agricultural landscapes – the role of land use intensity and land-
scape structure. Tartu, 2009, 112 p. 
158. Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying 
the replication and interactions of alphaviruses and hepaciviruses. Tartu, 
2009, 104 p. 
159. Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic 
Instability in its Host Cell. Tartu, 2009, 126 p. 
160. Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic 
Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of 
young duplicated genes. Tartu, 2009, 168 p. 
161. Ain Vellak. Spatial and temporal aspects of plant species conservation. 
Tartu, 2009, 86 p. 
101
162. Triinu Remmel. Body size evolution in insects with different colouration 
strategies: the role of predation risk. Tartu, 2009, 168 p. 
163. Jaana Salujõe. Zooplankton as the indicator of ecological quality and fish 
predation in lake ecosystems. Tartu, 2009, 129 p. 
164. Ele Vahtmäe. Mapping benthic habitat with remote sensing in optically 
complex coastal environments. Tartu, 2009, 109 p.  
165. Liisa Metsamaa. Model-based assessment to improve the use of remote 
sensing in recognition and quantitative mapping of cyanobacteria. Tartu, 
2009, 114 p. 
166. Pille Säälik. The role of endocytosis in the protein transduction by cell-
penetrating peptides. Tartu, 2009, 155 p. 
167. Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009,  
147 p. 
168. Lea Hallik. Generality and specificity in light harvesting, carbon gain 
capacity and shade tolerance among plant functional groups. Tartu, 2009, 
99 p. 
169. Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance 
mechanisms under starvation stress. Tartu, 2009, 191 p. 
170. Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-
pulations. Tartu, 2009, 117 p. 
171. Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-
ledge in vaccine development. Tartu, 2009, 95 p. 
172. Signe Altmäe. Genomics and transcriptomics of human induced ovarian 
folliculogenesis. Tartu, 2010, 179 p. 
173. Triin Suvi. Mycorrhizal fungi of native and introduced trees in the 
Seychelles Islands. Tartu, 2010, 107 p. 
174. Velda Lauringson. Role of suspension feeding in a brackish-water coastal 
sea. Tartu, 2010, 123 p. 
175. Eero Talts. Photosynthetic cyclic electron transport – measurement and 
variably proton-coupled mechanism. Tartu, 2010, 121 p.  
176. Mari Nelis. Genetic structure of the Estonian population and genetic 
distance from other populations of European descent. Tartu, 2010, 97 p. 
177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 
method for nucleic acid variation analysis: method and applications. Tartu, 
2010, 129 p. 
178. Egle Köster. Morphological and genetical variation within species complexes: 
Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 101 p. 
179. Erki Õunap. Systematic studies on the subfamily Sterrhinae (Lepidoptera: 
Geometridae). Tartu, 2010, 111 p.  
180. Merike Jõesaar. Diversity of key catabolic genes at degradation of phenol 
and p-cresol in pseudomonads. Tartu, 2010, 125 p. 
181. Kristjan Herkül. Effects of physical disturbance and habitat-modifying 
species on sediment properties and benthic communities in the northern 
Baltic Sea. Tartu, 2010, 123 p. 
26
102
182. Arto Pulk. Studies on bacterial ribosomes by chemical modification 
approaches. Tartu, 2010, 161 p. 
183. Maria Põllupüü. Ecological relations of cladocerans in a brackish-water 
ecosystem. Tartu, 2010, 126 p.  
184. Toomas Silla. Study of the segregation mechanism of the Bovine 
Papillomavirus Type 1. Tartu, 2010, 188 p. 
185. Gyaneshwer Chaubey. The demographic history of India: A perspective 
based on genetic evidence. Tartu, 2010, 184 p. 
186. Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic 
variation in Estonian and Czech populations. Tartu, 2010, 164 p. 
187. Virve Sõber. The role of biotic interactions in plant reproductive per-
formance. Tartu, 2010, 92 p. 
188. Kersti Kangro. The response of phytoplankton community to the changes 
in nutrient loading. Tartu, 2010, 144 p. 
189. Joachim M. Gerhold. Replication and Recombination of mitochondrial 
DNA in Yeast. Tartu, 2010, 120 p. 
190. Helen Tammert. Ecological role of physiological and phylogenetic 
diversity in aquatic bacterial communities. Tartu, 2010, 140 p. 
191. Elle Rajandu. Factors determining plant and lichen species diversity and 
composition in Estonian Calamagrostis and Hepatica site type forests. 
Tartu, 2010, 123 p. 
192. Paula Ann Kivistik. ColR-ColS signalling system and transposition of 
Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p. 
193. Siim Sõber. Blood pressure genetics: from candidate genes to genome-
wide association studies. Tartu, 2011, 120 p. 
194. Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-
dependent stages of translation initiation, elongation, and termination. 
Tartu, 2011, 178 p. 
195. Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect. 
Tartu, 2011, 134 p. 
196. Tambet Tõnissoo. Identification and molecular analysis of the role of 
guanine nucleotide exchange factor RIC-8 in mouse development and 
neural function. Tartu, 2011, 110 p. 
197. Helin Räägel. Multiple faces of cell-penetrating peptides – their intra-
cellular trafficking, stability and endosomal escape during protein trans-
duction. Tartu, 2011, 161 p.  
198. Andres Jaanus. Phytoplankton in Estonian coastal waters – variability, 
trends and response to environmental pressures. Tartu, 2011, 157 p. 
199. Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts. 
Tartu, 2011, 152 p. 
200. Signe Värv. Studies on the mechanisms of RNA polymerase II-dependent 
transcription elongation. Tartu, 2011, 108 p. 
201. Kristjan Välk. Gene expression profiling and genome-wide association 
studies of non-small cell lung cancer. Tartu, 2011, 98 p. 
103
202. Arno Põllumäe. Spatio-temporal patterns of native and invasive zoo-
plankton species under changing climate and eutrophication conditions. 
Tartu, 2011, 153 p. 
203. Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-
graphic processes and variations in diet in northern Eurasia. Tartu, 2011, 
143 p.  
205. Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.   
206. Kessy Abarenkov. PlutoF – cloud database and computing services 
supporting biological research. Tartu, 2011, 125 p.  
207. Marina Grigorova. Fine-scale genetic variation of follicle-stimulating 
hormone beta-subunit coding gene (FSHB) and its association with repro-
ductive health. Tartu, 2011, 184 p. 
208. Anu Tiitsaar. The effects of predation risk and habitat history on butterfly 
communities. Tartu, 2011, 97 p. 
209. Elin Sild. Oxidative defences in immunoecological context: validation and 
application of assays for nitric oxide production and oxidative burst in a 
wild passerine. Tartu, 2011, 105 p. 
210. Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and 
Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p. 
211. Pauli Saag. Natural variation in plumage bacterial assemblages in two 
wild breeding passerines. Tartu, 2012, 113 p. 
212. Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein 
substrate: arrangements for the perfect marriage. Tartu, 2012, 143 p. 
213. Mari Järve. Different genetic perspectives on human history in Europe 
and the Caucasus: the stories told by uniparental and autosomal markers. 
Tartu, 2012, 119 p. 
214. Ott Scheler. The application of tmRNA as a marker molecule in bacterial 
diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p. 
215. Anna Balikova. Studies on the functions of tumor-associated mucin-like 
leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p. 
216. Triinu Kõressaar. Improvement of PCR primer design for detection of 
prokaryotic species. Tartu, 2012, 83 p. 
217. Tuul Sepp. Hematological health state indices of greenfinches: sources of 
individual variation and responses to immune system manipulation. Tartu, 
2012, 117 p. 
218. Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p. 
219. Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-
ferent spatial scales. Tartu, 2012, 165 p. 
220. Annely Lorents. Overcoming the plasma membrane barrier: uptake of 
amphipathic cell-penetrating peptides induces influx of calcium ions and 
downstream responses. Tartu, 2012, 113 p. 
104
221. Katrin Männik. Exploring the genomics of cognitive impairment: whole-
genome SNP genotyping experience in Estonian patients and general 
population. Tartu, 2012, 171 p. 
222. Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria 
(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p. 
223. Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas 
syringae pv. tomato DC3000: heterologous expression, biochemical 
characterization, mutational analysis and spectrum of polymerization 
products. Tartu, 2012, 160 p. 
224. Nele Tamberg. Studies on Semliki Forest virus replication and patho-
genesis. Tartu, 2012, 109 p. 
225. Tõnu Esko. Novel applications of SNP array data in the analysis of the ge-
netic structure of Europeans and in genetic association studies. Tartu, 
2012, 149 p. 
226. Timo Arula. Ecology of early life-history stages of herring Clupea 
harengus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p. 
227. Inga Hiiesalu. Belowground plant diversity and coexistence patterns in 
grassland ecosystems. Tartu, 2012, 130 p. 
228. Kadri Koorem. The influence of abiotic and biotic factors on small-scale 
plant community patterns and regeneration in boreonemoral forest. Tartu, 
2012, 114 p.  
229. Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria. 
Tartu, 2012, 122 p. 
230. Kaupo Kohv. The direct and indirect effects of management on boreal 
forest structure and field layer vegetation. Tartu, 2012, 124 p. 
231. Mart Jüssi. Living on an edge: landlocked seals in changing climate. 
Tartu, 2012, 114 p. 
232. Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p. 
233. Rauno Veeroja. Effects of winter weather, population density and timing 
of reproduction on life-history traits and population dynamics of moose 
(Alces alces) in Estonia. Tartu, 2012, 92 p.  
234. Marju Keis. Brown bear (Ursus arctos) phylogeography in northern 
Eurasia. Tartu, 2013, 142 p.  
235. Sergei Põlme. Biogeography and ecology of alnus- associated ecto-
mycorrhizal fungi – from regional to global scale. Tartu, 2013, 90 p. 
236. Liis Uusküla. Placental gene expression in normal and complicated 
pregnancy. Tartu, 2013, 173 p. 
237. Marko Lõoke. Studies on DNA replication initiation in Saccharomyces 
cerevisiae. Tartu, 2013, 112 p. 
238. Anne Aan. Light- and nitrogen-use and biomass allocation along pro-
ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.   
239. Heidi Tamm. Comprehending phylogenetic diversity – case studies in 
three groups of ascomycetes. Tartu, 2013, 136 p.  
105
240. Liina Kangur. High-Pressure Spectroscopy Study of Chromophore-
Binding Hydrogen Bonds in Light-Harvesting Complexes of Photo-
synthetic Bacteria. Tartu, 2013, 150 p.  
241. Margus Leppik. Substrate specificity of the multisite specific pseudo-
uridine synthase RluD. Tartu, 2013, 111 p. 
242. Lauris Kaplinski. The application of oligonucleotide hybridization model 
for PCR and microarray optimization. Tartu, 2013, 103 p. 
243. Merli Pärnoja. Patterns of macrophyte distribution and productivity in 
coastal ecosystems: effect of abiotic and biotic forcing. Tartu, 2013, 155 p. 
244. Tõnu Margus. Distribution and phylogeny of the bacterial translational 
GTPases and the Mqsr/YgiT regulatory system. Tartu, 2013, 126 p. 
245. Pille Mänd. Light use capacity and carbon and nitrogen budget of plants: 
remote assessment and physiological determinants. Tartu, 2013, 128 p.  
246. Mario Plaas. Animal model of Wolfram Syndrome in mice: behavioural, 
biochemical and psychopharmacological characterization. Tartu, 2013,  
144 p.  
247. Georgi Hudjašov. Maps of mitochondrial DNA, Y-chromosome and tyro-
sinase variation in Eurasian and Oceanian populations. Tartu, 2013,  
115 p. 
248.  Mari Lepik. Plasticity to light in herbaceous plants and its importance for 
community structure and diversity. Tartu, 2013, 102 p. 
249. Ede Leppik. Diversity of lichens in semi-natural habitats of Estonia. 
Tartu, 2013, 151 p.  
250. Ülle Saks. Arbuscular mycorrhizal fungal diversity patterns in boreo-
nemoral forest ecosystems. Tartu, 2013, 151 p.  
251.  Eneli Oitmaa. Development of arrayed primer extension microarray 
assays for molecular diagnostic applications. Tartu, 2013, 147 p. 
252. Jekaterina Jutkina. The horizontal gene pool for aromatics degradation: 
bacterial catabolic plasmids of the Baltic Sea aquatic system. Tartu, 2013, 
121 p. 
253. Helen Vellau. Reaction norms for size and age at maturity in insects: rules 
and exceptions. Tartu, 2014, 132 p.  
254. Randel Kreitsberg. Using biomarkers in assessment of environmental 
contamination in fish – new perspectives. Tartu, 2014, 107 p.  
255. Krista Takkis. Changes in plant species richness and population per-
formance in response to habitat loss and fragmentation.Tartu, 2014, 141 p. 
256. Liina Nagirnaja. Global and fine-scale genetic determinants of recurrent 
pregnancy loss. Tartu, 2014, 211 p.  
257. Triin Triisberg. Factors influencing the re-vegetation of abandoned 
extracted peatlands in Estonia. Tartu, 2014, 133 p. 
258. Villu Soon. A phylogenetic revision of the Chrysis ignita species group 
(Hymenoptera: Chrysididae) with emphasis on the northern European 
fauna. Tartu, 2014, 211 p. 
27
259. Andrei Nikonov. RNA-Dependent RNA Polymerase Activity as a Basis 
for the Detection of Positive-Strand RNA Viruses by Vertebrate Host 
Cells. Tartu, 2014, 207 p. 
260. Eele Õunapuu-Pikas. Spatio-temporal variability of leaf hydraulic con-
ductance in woody plants: ecophysiological consequences. Tartu, 2014, 
135 p.  
261. Marju Männiste. Physiological ecology of greenfinches: information con-
tent of feathers in relation to immune function and behavior. Tartu, 2014, 
121 p. 
262. Katre Kets. Effects of elevated concentrations of CO2 and O3 on leaf 
photosynthetic parameters in Populus tremuloides: diurnal, seasonal and 
interannual patterns. Tartu, 2014, 115 p. 
263. Külli Lokko. Seasonal and spatial variability of zoopsammon commu-
nities in relation to environmental parameters. Tartu, 2014, 129 p.  
264. Olga Žilina. Chromosomal microarray analysis as diagnostic tool: 
Estonian experience. Tartu, 2014, 152 p.  
265. Kertu Lõhmus. Colonisation ecology of forest-dwelling vascular plants 
and the conservation value of rural manor parks. Tartu, 2014, 111 p. 
266. Anu Aun. Mitochondria as integral modulators of cellular signaling. Tartu, 
2014, 167 p.  
267. Chandana Basu Mallick. Genetics of adaptive traits and gender-specific 
demographic processes in South Asian populations. Tartu, 2014, 160 p. 
268.  Riin Tamme. The relationship between small-scale environmental hetero-
geneity and plant species diversity. Tartu, 2014, 130 p. 
269. Liina Remm. Impacts of forest drainage on biodiversity and habitat 
quality: implications for sustainable management and conservation. Tartu, 
2015, 126 p.  
 
